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Introduction
In soils, elements of interest exist in several different forms and are associated with a range of components [1] . Heavy metals concentration in soil are associated with biological and geochemical cycles and are influenced by anthropogenic activities such as agricultural practices, industrial activities and waste disposal methods [2] . Speciation can be defined as identification and quantification of the different species or forms of phases in which the elements occur. It is generally recognized that information about the physico-chemical forms of the elements is required for understanding their mobility, pathways and bioavailability. Studies on the distribution and speciation of heavy metals in soil can provide not only information on the degree of pollution, but specially the actual environmental impact, metal bioavailability as well as their origin [3] . Speciation techniques were useful in studies of metal partitioning, distribution, accumulation, and mobility in soil to support hypothesis and to gain a better understanding on the different processes and mechanism hypothesized. Today it is generally recognized that the particular behaviour of trace metals in the environment is determined by their specific physicochemical forms rather than by their total concentration. Speciation of metals largely determines their bioavailability and toxicity [1] .
Heavy metals usually occur in soil at low concentration as a result of weathering and other pedigenic processes acting as the parent materials on which the soil develops. The natural occurrence of heavy metals varies between rock types and certain bed-rocks which provide exceptionally high metal concentration to overlying soils. Soils are clearly of enormous environmental importance, being the media that support virtually all plants life; hence their potential for environmental pollution requires attention [4, 5] . While soils are important sinks for heavy metals, they can also release them into the ecosystem. It is therefore important to understand the content, chemistry and geology of heavy metals in soil as well as the chemical forms. However, the determination of specific chemical species or binding forms is difficult and often virtually impossible. For this reason, sequential extraction procedures are commonly applied because they provide information about the fractionation of metals in the different lattices of the solid sample, which is a good compromise method that gives information on the environmental contamination [6, 7] . Polluted soils constitute major environmental problems and therefore are subjected to detailed risk assessment and management studies.
In this paper, soil samples collected from five major roads of Owerri industrial layout were examined to systematically study the speciation of some heavy metals in the soil which allows a distinction to be made between residual metals (insoluble forms) and metal bound to organic matter, iron and manganese oxide, carbonate and exchangeable, water soluble (soluble forms). This evaluation gives a relative distribution of Cu, Ca, Mn, Pb, Ni, Fe, Co, Zn, Cr, and Cd fraction in the soluble (bioavailable) and insoluble (non-bioavailable form) using FAAS to assess their potential environmental impacts. This is in continuation of the recommendation made by Abugu, et al (2012) in the ''evaluation of the speciation patterns of some heavy metals along the major roads of Owerri industrial layout''
II. Materials And Methods
Soil samples were collected in the vicinity of Owerri Industrial layout between April and July. The sampling site comprised of five major roads, Raycon road (road 1), Gmicord road (road 2), Coca-cola road (road 3), Modern Home Aluminum road (road 4) and Assumpta Press road (road 5) covering the whole length of the area. A total of 5 samples were collected from each road and merged to form a composite sample, a representative of each road using a plastic scoop into a polythene bag well labelled. The sampling site is surrounded by industries. A residential estate (Graceland/Egbeada Estate) is located north -east of the estate. Also to the south -east of the industrial layout is located another estate (Umuguma Housing Estate) and on the north -east is a highway (Onitsha -Owerri Road).
In the laboratory, samples were dried at room temperature and sieved through a 200mesh before analysis. Drying sediments at higher temperature was avoided to ensure that organic matter content and the metal binding properties of the sediments remained intact. Care was also taken while sieving the sediments to prevent excess loss of the fine particles. All chemicals and acids used were of Analytical Reagent Grade (ARG), and were used without further purification.
Procedure for Moisture Content Determination
The moisture content of the samples was determined using the dry-weight-difference method.
Procedure for pH Determination
5g of the soil sample was weighed into 250ml Beaker and 20ml of deionized water added. It was agitated for about 20minutes and allowed to equilibrate. Finally, a standardized pH meter was used to read the pH by dipping the electrode into the 250ml Beaker containing the solution.
Procedure for Determination of Total Metal Content
About 5g of the soil sample was weighed into sample rubber and 5ml of Hydrofluoric acid (HF) added. Also 10ml Aqua Regia(3:1) was added and the mixture heated over water bath for 1hour, 30minutes. Then, it was allowed to cool. The process was repeated again and 20ml boric acid was added. Thereafter, the solution was filtered and made-up to 50ml with deionized water. Finally, analysis of the extracts was carried out by Flame Atomic Absorption Spectrometry (Analyst 200).
Sequential Extraction
Sequential extraction protocol for analysis of heavy metal speciation in soil and sediments (modified from Tessier et al., 1979) were used to establish the association of the total concentration of the metals in the soil samples with their contents in the water soluble, exchangeable, carbonate, reducible (Fe/Mn oxide), oxidisable (organic and sulfide bound) and residual fraction [8] .
III. Results And Discussion
The moisture contents and the pH of the various soil samples collected from the five major roads are as shown below (Table 1 ). The pH of the soil is an important parameter that directly influences mineral mobility. The soil pH of the sampling sites varied on the average from 6.2 to 6.8 in water indicating of slight acidity to neutrality. The moisture contents fell within the range of 10.023% to 13.782%. Looking at table 1, it showed that sample RY1 -RY5 had relatively high values of moisture contents indicating that the samples were collected during the rainy season and as well 30cm depth from soil surface. The FAAS (Analyst 200) analysis result of the soil samples 30cm depth are as tabulated (Table 2) Represented in table 5 is the fractional concentration of Ca in soil sample 30cm depth. Sample RY2 had the highest concentration of Ca (18.900mg/kg) in the fraction and the least was recorded in sample RY3 (0.008mg/kg) in the carbonate fraction though undetectable in sample RY4 at the carbonate bound fraction and so also it is in samples RY3 and RY4 at the oxidizable fraction. The fractional concentration of Mn showed that Mn concentration was most in the residual fraction with a mean value of 2.434mg/kg, and least in the water soluble fraction (0.174mg/kg). The observed trend in the mean concentration of Mn in the various fractions is F6 > F5 > F4 > F2 > F3 > F1 (Table 6 ). Also the observed trend in the %BAF of the samples is RY4 > RY5 > RY2 > RY1 > RY3. We can infer that the Mn in the studied area fractionated more in the residual and so are from geochemical sources. Table 7 showed that Pb was undetectable in the water soluble and the oxidisable fraction in all the samples. It was also undetectable in the reducible fraction except in sample RY5. The residual fraction had the meanest concentration of Pb (0.603mg/kg) and the least in reducible fraction (0.001mg/kg). The observed trend was F6 > F2 > F3 > F4 > F5 > F1. This suggests that most Pb in the studied area is from geochemical sources. The bioavailability of Pb is generally low except for sample RY4 and RY5 were the %BAF is slightly above 50%. 
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Ni recorded its highest concentration in the residual fraction were the mean concentration is 0.769mg/kg and the least in the water soluble fraction (Table 8 ). The trend in the mean concentration of the various fractions of Ni is F6 > F4 > F5 > F3 > F2 > F1. Considering the %BAF, it can be inferred that the non-bioavailable fractions is higher than those of bioavailable fraction since the % BAF of all the samples were below 50%, and the mean %BAF is 27.304. The residual fraction had the most concentration of Fe with a mean value of 272.159mg/kg while the least was found in the water soluble fraction (0.160mg/kg) ( Table 9 ). This indicates a high level of non-bioavailable fractions of Fe and so may be from geochemical sources. The %BAF of Fe were generally low (below 50%) for all the samples except for RY5 which was 51.044%. Fe was not detectable in samples RY2, RY3 and RY4 in the water soluble fractions. Co was not detectable at the water soluble and reducible fractions in sample RY2 and the meanest concentration was recorded in the residual fraction (0.774mg/kg) (table 10), while the least mean was in the water soluble fraction (0.011mg/kg). The %BAF of Co was also generally low as the value for the samples were below 50%. Sample RY4 had the highest value of %BAF (34.776%) while the least was recorded in sample RY2 (Table 11) Table 12 
The percentage bioavailability (Table 14) shows that Ca had the highest concentration of bioavailable fractions which is found in road 3 (97.321%) and the least was recorded also in sample RY3. Ca also had the most ground mean (91. The higher the %BAF, the higher the availability of the metal for organism's uptake and so the more harmful it is to the organism because of the level of exposure. This is true according to J.J. K Erwin (2006) . In this case Ca is the most available metal in the studied area.
In 
IV. Conclusion
The speciation of heavy metals in Owerri industrial layout showed that most of the metals considered had the highest abundance in the Residual fraction. This indicates that the metals were immobile. Ten metals were considered and Cu, Co, Cr, Zn, Cd, Pb, Ni, Mn and Fe were found mostly abundant in the Residual fraction of the sequential extraction. This shows that soil in the environment was not likely to be polluted by these metals. Ca was found to be highly abundant in the Exchangeable fraction, indicating that it could be easily released to the environment from soil. It was also likely to be of high toxicity in the environment though it is not a heavy metal. Comparing these results obtained with the results of that reported by Abugu, et al (2012) , it showed that the concentration of the heavy metals considered in the 30cm depth were higher than the soil surface samples. This shows that there is a serious leaching of these heavy metals under investigation. The results of the speciation have given the present status of metal pollution and the potential pollutants in Owerri industrial area.
